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Abstract

Existing multielement spectrographic and chemical analyses of samples 

from the Morrison Formation were used to determine the chemical 

characteristics of primary and secondary uranium ore, barren sandstones, and 

mineralized and unmineralized mudstones. The analyses were for 696 sandstone 

samples and 32 mudstone samples from mines in the Ambrosia Lake area of New 

Mexico, 100 other sandstone samples from the Ambrosia Lake area, and 321 

sandstone samples from elsewhere in the San Juan basin. Statistical treatment 

of the data indicates that organic carbon, beryllium, vanadium, uranium, 

molybdenum, selenium, lead, manganese, yttrium, copper, iron, barium, 

strontium, aluminum, magnesium, potassium and possibly sodium, sulfur, 

arsenic, and mercury are concentrated in the primary ore; aluminum, uranium, 

vanadium, selenium, manganese, calcium, strontium, sodium(?), copper, iron, 

carbonate carbon, and barium are enriched in the secondary ore; and organic 

carbon, uranium, vanadium, beryllium, manganese, molybdenum, selenium, and 

lead were added to the mineralized mudstones.

Introduction

The major goal of this study is to summarize the chemical characteristics 

of the uranium deposits in the Ambrosia Lake area of New Mexico. It is hoped 

that this information may be useful for placing some restrictions on the 

source(s) of the elements in these deposits, on the nature of the solutions 

that transported these elements, and on the geochemistry of the precipitation 

mechanism(s). These data might also be helpful in identifying dispersion 

haloes of various elements around the deposits and in characterizing the 

chemistry of the alteration associated with these deposits. Similar studies



are being conducted in other uranium districts. Both the similarities and 

differences of the chemical characteristics of the districts are likely to add 

to our understanding of the genesis of sedimentary uranium deposits.

The Ambrosia Lake area is a major uranium producing district in the 

southern part of the San Juan basin (figure 1). In the district, the Upper 

Jurassic Morrison Formation is known to contain two types of uranium deposits 

(Granger, 1968). One is primary ore, which is also referred to as trend or 

prefault ore. The other type of deposit is termed redistributed, secondary, 

postfault, or stack ore. Unstructured organic matter (usually referred to as 

humate or humic material) is intimately associated and coextensive with the 

primary ore and is widely believed to be critical to the genesis of these 

deposits. The secondary ore is thought to have been derived from the primary 

ore and probably is genetically similar to roll-type deposits in many ways.

Nature of the data

Rather than collecting new data, we used data that already existed for 

the study. Most of the data for the approximately 700 samples used in this 

study were taken from Granger (1966). The other major source of data was the 

computerized chemical data bank of the U.S. Geological Survey, referred to as 

RASS (Rock Analysis Storage System). All of the analyses were made by 

personnel of the analytical laboratories of the Geological Survey. Interested 

readers may obtain a copy of the original data for the cost of retrieval from 

the computer files.
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Figure 1.-Location of the Ambrosia Lake district, 
northwestern New Mexico. From Santos (1970).



The elements considered in this study are shown on figure 2. A variety 

of analytical techniques, including spectroscopy, fluorimetry, radiometry, 

gasometry, and wet chemical methods, were used to obtain the chemical data. 

Not all of the elements were determined for every sample. Quantitative 

chemical data for uranium were produced by wet chemical methods, fluorimetry, 

and neutron activation analysis. Other elements for which quantitative 

results were available are organic carbon, carbonate carbon, total carbon, 

selenium, arsenic, sulfur, equivalent uranium, and total iron as Fe203. Most 

of the remaining data are from 3-step or 6-step semiquantitative emission 

spectrographic analysis. These data are presented as midpoints (.15, .3, and 

.7 for 3-step and .15, .2, .3, .5, .7, and 1.0 for 6-step) of geometric 

brackets whose boundaries are 0.12, 0.26, 0.56, and 1.2 for 3-step and 0.12, 

0.18, 0.26, 0.38, 0.56, 0.83, and 1.2 for 6-step. Thus there are either three 

or six brackets for every order of magnitude; the boundaries and midpoints for 

higher or lower values are the same as these except for the position of the 

decimal. In 3-step data, about 60% of the results will be in the correct 

bracket. The precision of a reported value in 6-step data is approximately 

plus-or-minus one bracket at the 68-percent confidence level and plus-or-minus 

two brackets at the 95-percent confidence level.

Large sets of spectrographic analytical data, such as this one, 

inevitably include results from samples that contain too little of certain 

elements to permit accurate determinations of their abundances. Data for such 

samples in these results were presented in two categories. One category was 

for samples with such a low concentration of some element that no evidence for 

the presence of the element was found (N for "not detected" in the data); the
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other category was for samples in which the element was present but at too low 

a concentration to permit an accurate determination (L for "less than the 

limit of determination" in the data).

In order to avoid adding zeros to the data set, a value of one-half of 

the determination limit was arbitrarily substituted for samples in the first 

category (N) and three-quarters of the detection limit was substituted for 

samples in the second category (L). The only exception to this method for 

estimating the concentration of an element was for organic carbon. For 

samples in which the concentration of organic carbon was below the limit of 

analytical sensitivity, its concentration was estimated on the basis of the 

color of the sample.

Data handling and results

On the basis of field relationships (described by Granger, 1966) and 

uranium contents, the 696 analyses of sandstone samples listed in Granger 

(1966) were divided into the following four groups: (1) 413 analyses of 

primary ore (P), including adjacent sandstones with more than 100 ppm uranium; 

(2) 101 analyses of secondary ore (S), including adjacent sandstones with 

more than 100 ppm uranium; (3) 63 analyses of barren oxidized rock samples 

collected near ore (BO); and (4) 119 analyses of barren reduced rock samples 

collected near ore (8R). Mudstones were separated into a mineralized group 

(MM with 15 samples) and an unmineralized group (MU with 17 samples). For 

classification purposes, samples with more than 100 ppm uranium were 

considered mineralized; those with less than 100 ppm uranium were considered 

barren. All of these samples came from mines. In order to determine the 

chemical changes associated with the ore-forming processes, it was necessary



to compare these groups to a group of samples not in close proximity to 

mineralized rocks. An appropriate group of analyses for such a comparison was 

obtained by searching the USGS computer files (RASS) for analyses of Morrison 

sandstones from the Ambrosia Lake area with less than 100 ppm uranium. The 

search produced a group (SSJB) of 100 analyses, many of which were for samples 

from outcrops remote from ore. This group contained 8 or fewer analyses each 

for, organic, carbonate, and total carbon, selenium, iron as Fe203, and 

sulfur too few for valid statistical comparisons. A more useful data set 

(SJB of 321 samples) for these elements was obtained by searching the computer 

files for analyses of unmineralized Morrison samples from the entire San Juan 

basin.

Unfortunately many of the samples in both groups from nonmineralized 

areas were from outcrops that were subject to weathering. Consequently, an 

apparent enrichment of some element in the ore samples relative to the 

unmineralized groups (SJB or SSJB) could be due to leaching of the outcrops 

instead of enrichment related to ore forming processes. In order to avoid 

misinterpretations caused by this leaching, we double-checked all conclusions 

based on comparisons of ore samples to barren samples removed from ore in this 

manner: the mean concentrations of each element in subsets of high grade ore 

(P with U greater than 1000 ppm and S with U greater than 1000 ppm) and in a 

subset of ore defined by field relationships as part of the dark-grey tabular 

ore body were compared to the mean concentrations in subsets of barren rock 

adjacent to ore with uranium contents of less than 50 ppm (BR with U less than 

50 ppm, and BO with U less than 50 ppm). Results for specific elements are



included in the comments on Table 1. For some elements, it was also 

informative to compare the means of our groups to the means for sandstones 

compiled by Turekian and Wedepohl (1961).

Summary statistics shown in Table 1 were calculated by computer using the 

USGS STATPAC programs. The minimum and maximum values and the geometric 

deviations provide information on the spread of the data, and the number of N 

and L values reveals how many values had to be estimated in order to arrive at 

the geometric means for each element in each group. According to Fisher 

(1950), the logarithms of geochemical data approach a normal distribution more 

closely than do the untransformed values in ppm or percent; consequently, 

geometric means (which are based on the logarithms of the data) are a better 

measure of the central tendency of the data than are arithmetic means. These 

geometric means were used to identify differences in the concentrations of the 

elements among groups.

Tests for statistical significance of differences between the above 

mentioned sample groups for a given element were made with a programmable 

hand-held calculator utilizing a "t" test described by Natrella (1963, p. 3- 

36). Summary statistics used in the test are the means and variances of the 

logarithmic values and the number of samples in each group. A standard table 

giving percentiles of the t distribution was used to determine whether the 

observed differences were significant at the 95 percent confidence level. It 

is this significance that is referred to in the comments in Table 1 and in the 

observations. The samples were not collected in anticipation of statistical 

treatment; consequently, they were not collected in a truely random manner and 

are not ideally suited for statistical tests.



The number of samples analyzed for mercury was too small for a valid 

statistical comparison. If, however, the mercury data are plotted across the 

deposits (figure 3), a concentration of mercury in the primary ores is 

suggested.

Observations

Organic carbon, beryllium, uranium, vanadium, molybdenum, selenium, lead, 

manganese, magnesium, iron, barium, yttrium, copper, and possibly, sulfur, 

arsenic, and mercury were enriched in the primary ore deposits and adjacent 

sandstones containing more than 100 ppm uranium (figure 4). Calcium, 

strontium, sodium, and inorganic carbon have significantly greater mean 

concentrations in the primary ore than in the barren rocks distant from ore 

but this difference may be the result of leaching of these elements from 

outcrop samples in the unmineralized groups. The high concentrations of 

strontium and to a lesser extent sodium in high-grade ore samples and in ore 

defined by field relationships suggest that the distribution of strontium and 

probably sodium is at least in part due to addition of these elements to the 

primary ore. Similar reasoning indicates that potassium and aluminum were 

also added to the primary ore. Calcium, strontium, and inorganic carbon have 

a greater abundance in the secondary ore (S) than in the primary ore (P) or in 

the barren reduced rock near ore (BR). This difference indicates that these 

elements were added to the secondary ore. Other elements that were added to 

the secondary ore deposits include aluminum, uranium, vanadium, selenium, 

manganese, iron, barium, copper, and possibly sodium (figure 5). The apparent 

lack of molybdenum in the secondary deposits might be a reflection of a zonal 

segregation of molybdenum down the hydrologic gradient from the secondary ore
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deposits. Although this secondary segregation has either not been observed or 

not recognized around these specific deposits, it is known to occur in other 

roll-type deposits (Harshman, 1974). The results of our statistical tests 

indicate that calcium, barium, strontium, vanadium, carbonate carbon, and 

aluminum are significantly more concentrated in the secondary ore deposits 

than in the primary ore deposits. The data also indicate a statistically 

significant depletion of chromium, zirconium, and gallium in sandstones in and 

around the ore deposits compared to unmineralized rock distant from the ore.

The concentrations of organic carbon, uranium, beryllium, vanadium, 

molybdenum, selenium, lead, and manganese are greater in the mineralized 

mudstones (MM) than in the nonmineralized mudstones (MU). A depletion of 

chromium and zirconium in the mineralized mudstones (MM) relative to the 

unmineralized mudstones (MU) is suggested by the data but is not statistically 

significant. An apparent enrichment of gallium in the mineralized mudstones 

relative to unmineralized mudstones also was not statistically valid.

13
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